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©  METHOD  OF  RECORDING  PCM  SIGNAL. 
©  In  this  PCM  signal  recording  method,  when  PCM  signals 
for  at  least  one  channel  are  recorded  on  a  plurality  of  record- 
ing  tracks  for  each  channel,  the  input  PCM  signals  for  one 
channel  are  distributed  according  to  the  plurality  of  recording 
tracks  with  at  least  one  word  taken  as  a  unit,  and  then  these 
distributed  signals  are  each  encoded  independently  and  are 
recorded  on  the  corresponding  recording  tracks.  Examples  of 
means  for  distributing  the  input  PCM  signals  in  one  ore  more 
word-units  include  a  means  for  successively  distributing  the 
PCM  signals  to  the  corresponding  recording  tracks  for  a  pre- 
determined  number  of  consecutive  words,  and  a  means  for 
successively  distributing  to  the  corresponding  recording 
tracks  a  plurality  of  consecutive  words  equal  to  the  number  of 
recording  track  per  channel.  This  encoding  processing  is  such 
that  the  input  words  are  separated  according  to  whether  the 
input  sequence  thereof  is  odd  or  even,  and  odd  and  even 
words  are  each  delayed,  are  provided  with  independent  sign 
error  correction  codes,  and  are  interleaved  before  being 
synthesized. 
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Method   of  R e c o r d i n g   PCM  S i g n a l  

T e c h n i c a l   F i e l d  

Th i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r   r e c o r d -  

i n g   PCM  s i g n a l s ,   a c c o r d i n g   to   w h i c h   o n e - c h a n n e l   PCM 

s i g n a l s   a r e   d i s t r i b u t e d   and  r e c o r d e d   on  p l u r a l   r e c o r d i n g  

t r a c k s .   More  p a r t i c u l a r l y ,   i t   r e l a t e s   to   t h e   m e t h o d   f o r  

r e c o r d i n g   PCM  s i g n a l s   a c c o r d i n g   to  w h i c h   t h e   e f f e c t   o f  

e n c o d i n g   such   as  i n t e r l e a v i n g   or  a d d i t i o n   of   e r r o r  

c o r r e c t i n g   c o d e s   i s   n o t   c a n c e l l e d   a t   t h e   t i m e   of  d i s -  

t r i b u t i o n   and  r e c o r d i n g .  

B a c k g r o u n d   A r t  

In  r e c o r d i n g   or  r e p r o d u c i n g   PCM  s i g n a l s   i n  

g e n e r a l ,   c o d i n g   e r r o r s   a r e   c a u s e d   in   known  m a n n e r   d u e  

to  d e f e c t s   in  t h e   r e c o r d i n g   med ium,   t r o u b l e s   in   r e c o r d i n g  

or   r e p r o d u c t i o n ,   n o i s e s   or  d i s t u r b a n c e s .   Thus  an  e n c o d e r  

i s   p r o v i d e d   a t   t h e   r e c o r d i n g   s i d e   to  e f f e c t   i n t e r l e a v i n g  

( d a t a   r e a r r a n g e m e n t )   or   a d d i t i o n   of  p a r i t y   or   e r r o r  

c o r r e c t i n g   c o d e s ,   w h i l e   a  d e c o d e r   is   a l s o   p r o v i d e d   a t  

t h e   r e p r o d u c i n g   s i d e   to  e f f e c t   d e i n t e r l e a v i n g   ( t h e  

r e v e r s e   of   i n t e r l e a v i n g ) ,   e r r o r   d e t e c t i o n   and  c o r r e c -  

t i o n ,   or  d a t a   i n t e r p o l a t i o n .  

When  p l u r a l   r e c o r d i n g   t r a c k s   a r e   a s s o c i a t e d  

w i t h   each   c h a n n e l   of   s i n g l e - c h a n n e l   or  m u l t i c h a n n e l   PCM 



s i g n a l s   f o r   r e c o r d i n g   or   r e p r o d u c t i o n ,   t h e   s i g n a l s   a r e  

f i r s t   p a s s e d   t h r o u g h   t h e   a f o r e m e n t i o n e d   e n c o d e r ,   a n d  

a r e   t h e n   d i s t r i b u t e d   by  s w i t c h i n g   d i s t r i b u t i n g   m e a n s ,  

s u c h   as  m u l t i p l e x e r ,   to  t h e   r e c o r d i n g   h e a d s .   In  t h i s  

c a s e ,   e v e n   when  t h e   i n t e r l e a v i n g   o p e r a t i o n   i s   p e r f o r m e d  

a t   t h e   e n c o d e r   in   a c c o r d a n c e   w i t h   a  p r e d e t e r m i n e d   r u l e ,  

t h e   e f f e c t   o f   i n t e r l e a v i n g   may  be  l o w e r e d   a t   t he   t i m e  

t h a t   t h e   s i g n a l s   a r e   d i s t r i b u t e d   t o   t h e   r e s p e c t i v e   t r a c k s  

by  t h e   m u l t i p l e x e r .   In  a d d i t i o n ,   s i n c e   t h e   e r r o r  

c o r r e c t i n g   c o d e   w o r d s   a r e   p r o v i d e d   to   t h e   r e s p e c t i v e  

w o r d   r ows   a l l o t t e d   to   p l u r a l   t r a c k s ,   i t   b e c o m e s   i m p o s -  

s i b l e   t o   p e r f o r m   a  n o r m a l   e r r o r   c o r r e c t i o n   in  t h e   e v e n t  

t h a t   t h e   s i g n a l s   a r e   a b s e n t   i n   a  g i v e n   t r a c k   f o r   p r o l o n g e d  

t i m e .   M o r e o v e r ,   t h e   a l l o w a b l e   l i m i t   f o r   e r r o r   o c c u r r e n c e  

b e c o m e s   n a r r o w   as  a  w h o l e .  

In  v i e w   of   t h e   f o r e g o i n g ,   i t   i s   a  p r i n c i p a l  

o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e   a  m e t h o d   o f  

r e c o r d i n g   PCM  s i g n a l s  a c c o r d i n g   to   w h i c h ,   when  t he   PCM 

s i g n a l s   f o r   one   c h a n n e l   a r e   d i s t r i b u t e d   and  r e c o r d e d   i n  

p l u r a l   t r a c k s ,   t h e   e n c o d i n g   o p e r a t i o n   s u c h   as  t he   a f o r e -  

m e n t i o n e d   i n t e r l e a v i n g   o r   a d d i t i o n   o f   e r r o r   code  may  b e  

i m p r o v e d   in   v a l i d i t y ,   t h u s   a s s u r i n g   h i g h - q u a l i t y   r e c o r d -  

i n g   and   r e p r o d u c t i o n   of  t h e   PCM  s i g n a l s .  

D i s c l o s u r e   of   t h e   I n v e n t i o n  

F o r   a c c o m p l i s h i n g   t h e   a b o v e   o b j e c t ,   t he   p r e s e n t  



i n v e n t i o n   c o n t e m p l a t e s   to   p r o v i d e   a  m e t h o d   f o r   r e c o r d i n g  

PCM  s i g n a l s   w h e r e i n   e a c h   c h a n n e l   of  t h e   PCM  s i g n a l s   o f  

a t   l e a s t   one  c h a n n e l   i s   c o r r e s p o n d i n g l y   d i s t r i b u t e d   t o  

p l u r a l   r e c o r d i n g   t r a c k s   f o r   r e c o r d i n g ,   c h a r a c t e r i z e d   i n  

t h a t   r e s p e c t i v e   w o r d s   of   t h e   PCM  s i g n a l s   f o r   one   c h a n n e l  

a r e   c o r r e s p o n d i n g l y   d i s t r i b u t e d   to   s a i d   r e c o r d i n g   t r a c k s  

by  s w i t c h i n g   d i s t r i b u t i n g   means   in   a c c o r d a n c e   w i t h   a  

p r e d e t e r m i n e d   m a t r i x   p a t t e r n ,   t h e s e   PCM  s i g n a l s   c o m p o s e d  

o f   t h e s e   d i s t r i b u t e d   w o r d s   and  a s s o c i a t e d   w i t h   t h e  

r e s p e c t i v e   t r a c k s   a r e   s u p p l i e d   to   p l u r a l   r e c o r d i n g  

h e a d s   t h r o u g h   r e s p e c t i v e   s e p a r a t e   e n c o d e r s   a d a p t e d   f o r  

s e p a r a t e l y   c o r r e c t i n g   c o d e   e r r o r   in   s u c h   a  m a n n e r   t h a t  

p l u r a l   r e c o r d i n g   t r a c k s   a r e   f o r m e d   on  t h e   r e c o r d i n g  

m e d i u m .  

The  a f o r e m e n t i o n e d   s w i t c h i n g   d i s t r i b u t i n g  

means   may  f o r   e x a m p l e   be  so  d e s i g n e d   t h a t   word   s e t s  

e a c h   c o n s i s t i n g   of   a  p r e d e t e r m i n e d   n u m b e r   o f   c o n s e c u -  

t i v e   w o r d s   a r e   d i s t r i b u t e d   s u c c e s s i v e l y   t o   r e s p e c t i v e  

r e c o r d i n g   t r a c k s .   A l t e r n a t i v e l y ,   i t   may  be  so  d e s i n g e d  

t h a t   a  p l u r a l i t y   of   c o n s e c u t i v e   w o r d s   of   t h e   i n p u t   PCM 

s i g n a l s   e q u a l   to   t h e   n u m b e r   of  t h e   r e c o r d i n g   t r a c k s   f o r  

o n e - c h a n n e l   PCT  i n p u t   s i g n a l s   a r e   a l l o t t e d   w o r d   by  w o r d  

to   s a i d   r e c o r d i n g   t r a c k s .   The  a f o r e m e n t i o n e d   e n c o d e r  

i s   p r e f e r a b l y   so  d e s i g n e d   t h a t   t h e   word   row  or   g r o u p  

c o r r e s p o n d i n g   to   one  r e c o r d i n g   t r a c k   i s   d i v i d e d   i n t o  



t h e   odd  n u m b e r   w o r d s   and  e v e n   n u m b e r   w o r d s   in   t h e   o r d e r  

of   i n p u t ,   t h e   odd  and   e v e n   n u m b e r   w o r d s   t h u s   s e p a r a t e d  

f r o m   e a c h   o t h e r   a r e   s h i f t e d   by  a  p r e d e t e r m i n e d   t i m e  

i n t e r v a l   f r o m   e a c h   o t h e r ,   t h e   odd   and  even   n u m b e r   w o r d s  

a r e   s u b j e c t e d   s e p a r a t e l y   t o  c o d e   e r r o r   c o r r e c t i n g  

e n c o d i n g ,   and   t h e   odd  and   e v e n   n u m b e r   w o r d s   t h u s   s h i f t e d  

in   t i m i n g   and   c o d e d   a r e   c o m b i n e d   and  s u p p l i e d   as  o u t p u t .  

B r i e f   D e s c r i p t i o n   o f   t h e   D r a w i n g s  

F i g .   1  i s   a  s c h e m a t i c   p l a n   v i ew  s h o w i n g   a n  

e x a m p l e   o f   t h e   t r a c k   p a t t e r n   t o   w h i c h   t h e   p r e s e n t  

i n v e n t i o n   c a n   be  a p p l i e d .   F i g .   2  shows  t h e   c o n s t r u c -  

t i o n   o f   s i g n a l s   r e c o r d e d   on  t h e   d a t a   and  c o n t r o l   t r a c k s .  

F i g .   3  s h o w s   an  e x a m p l e   of   h e a d   a r r a n g e m e n t .   F i g s .   4 

and   5  a r e   b l o c k   d i a g r a m s   s h o w i n g   e x a m p l e s   of   c o n s t r u c -  

t i o n   of   t h e   r e c o r d i n g   and  r e p r o d u c i n g   s y s t e m s   f o r  

r e c o r d i n g   t h e   f o r m a t   A.  F i g .   6  i s   a  b l o c k   v i e w   s h o w i n g  

an  e x a m p l e   o f   c o n s t r u c t i o n   o f   t h e   e n c o d e r   a r r a n g e m e n t .  

F i g s .   7  a n d   8  show  t h e   s i g n a l   c o n s t r u c t i o n   f o r   o n e  

b l o c k   a n d   t h e   m a n n e r   o f   i n t e r l e a v i n g .   F i g .   9  i s   a  

b l o c k   d i a g r a m   s h o w i n g   an  e x a m p l e   of   d e c o d e r   c o n s t r u c -  

t i o n .   F i g s .   10  and  11  a r e   b l o c k   v i e w s   s h o w i n g   t h e  

c o n s t r u c t i o n   of   t h e   r e c o r d i n g   and   r e p r o d u c i n g   s y s t e m s  

f o r   r e c o r d i n g   t h e   f o r m a t   B  a c c o r d i n g   to   an  e m b o d i m e n t  

of   t h e   i n v e n t i o n .   F i g s .   12  and   13  a r e   b l o c k   v i e w s  

s h o w i n g   t h e   r e c o r d i n g   and  r e p r o d u c i n g   s y s t e m s   f o r  



r e c o r d i n g   t h e   f o r m a t   C  a c c o r d i n g   to  a  f u r t h e r   e m b o d i m e n t  

of   t h e   i n v e n t i o n .  

B e s t   Mode  f o r   E x e c u t i o n   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   i s   now  d e s c r i b e d   b y  

r e f e r r i n g   to  an  e m b o d i m e n t   as  a p p l i e d   to   a  f i x e d   h e a d  

t y p e   PCM  s o u n d   r e c o r d e r .  

F i r s t   of   a l l ,  t h e   f i x e d   t y p e   PCM  s o u n d   r e c o r d e r ,  

s u c h  a s   d e s c r i b e d   in   o u r - c o p e n d i n g   a p p l i c a t i o n   ( J a p a n e s e  

P r o v i s i o n a l   P a t e n t   A p p l i c a t i o n   8 2 - 2 7 4 1 0 )   i s   d e s c r i b e d   b y  

way  of   an  e x a m p l e .  

Fo r   more   w i d e s p r e a d   u s e  o f   t h e   f i x e d   h e a d  

t y p e   PCM  r e c o r d i n g   and  r e p r o d u c i n g   a p p a r a t u s ,   i t   i s  

d e s i r a b l e   t h a t   t h e   r e c o r d i n g   f o r m a t ,   s u c h   as  n u m b e r   o f  

t r a c k s   a l l o t t e d   to   e a c h   c h a n n e l ,   b e  u n i f i e d .   H o w e v e r ,  

when  t h e   PCM  s i g n a l s   s u b j e c t e d   to  c o d i n g   w i t h   t h e   s a m e  

r e d u n d a n c y   a r e   to   be  r e c o r d e d   w i t h   t h e   same  l i n e a r  

d e n s i t y ,   s i n c e   t h e   n u m b e r   of   t r a c k s   i s   i n v e r s e l y  

p r o p o r t i o n a t e   to   t h e   t a p e   s p e e d ,   i t   i s   d i f f i c u l t   t o  

r e a c h   a  s o l e   u n i f i e d   r e c o r d i n g   f o r m a t ,   when   t h e   o b j e c t  

of   u s e  i s  t a k e n   i n t o   c o n s i d e r a t i o n .   F o r   e x a m p l e ,  t h e  

m e t h o d   of   r e c o r d i n g   o n e - c h a n n e l   PCM  s i g n a l s   in   o n e  

t r a c k   i s   a d v a n t a g e o u s   in   t h a t   a  p l u r a l i t y   o f   c h a n n e l s  

c a n  t h e r e b y   be  r e c o r d e d ,   b u t   i t   i s   d i s a d v a n t a g e o u s   i n  

t h a t   t h e   r e c o r d i n g   t i m e   f o r   a  p r e d e t e r m i n e d   t a p e   l e n g t h  

b e c o m e s   s h o r t e r   due  to   t h e   i n c r e a s e d   t a p e   s p e e d ,   o r  



in   t h a t   t h e   t a p e   d r i v e   s y s t e m   i s   c o m p l e x   in   d e s i g n  

b e c a u s e   of   t h e   n e c e s s i t y   f o r   c o n t r o l l i n g   t a p e   t r a v e l  

t o   a  p r e d e t e r m i n e d   m a n n e r .   On  t h e   c o n t r a r y ,   t h e   m e t h o d  

of   r e c o r d i n g   o n e - c h a n n e l   PCM  s i g n a l s   in  a  p l u r a l i t y   o f  

t r a c k s   p r o v i d e s   f o r   a  d e c r e a s e d   t a p e   s p e e d ,   b u t   i t   i s  

u n a b l e   to   i n c r e a s e   t h e   n u m b e r   of   c h a n n e l s .  

In  t h e   e x a m p l e   d e s c r i b e d   b e l o w ,   t h e   PCM 

s i g n a l s   a r e   r e c o r d e d   by  t h r e e   k i n d s   of   r e c o r d i n g   f o r m a t s  

h a v i n g   d i f f e r e n t   n u m b e r s   o f   t r a c k s   p e r   c h a n n e l .  

The  n u m b e r   of   d a t a   t r a c k s   t h a t   can   be  r e c o r d e d  

on  t h e   m a g n e t i c   t a p e   d e p e n d s   on  t h e   t a p e   w i d t h .   F o r  

e x a m p l e ,   8  d a t a   t r a c k s   TD0  to   TD7  a r e   f o r m e d   on  a  

m a g n e t i c   t a p e   1  w h i c h   i s   1 / 4   i n c h   w i d e ,   as  shown  i n  

F i g .   1.  T r a c k s   TAl ,   TA2  f o r   r e c o r d i n g   of   a n a l o g   s i g n a l s  

a r e   f o r m e d   on  t h e   u p p e r   and   l o w e r   e d g e s   of   t h e   m a g n e t i c  

t a p e   1,  w h i l e   8  d a t a   t r a c k s   TD0  to  TD7,  a  c o n t r o l   t r a c k  

TC  and   a  t i m e   c o d e   t r a c k   TT  a r e   f o r m e d   b e t w e e n   t h e  

a n a l o g   t r a c k s   TA1  and   TA2.  To  t h e   u p p e r   s i d e   of   a  

c e n t e r   ( shown   by  a  c h a i n - d o t t e d   l i n e )   of   t h e   m a g n e t i c  

t a p e   1,  t h e   c o n t r o l   t r a c k   TC  i s   p o s i t i o n e d ,   and   t h e   d a t a  

t r a c k s   TD0  to  TD3  a r e   l o c a t e d   b e t w e e n   t h e   a n a l o g   t r a c k  

TA1  and   t h e   t r a c k   TC.  To  t h e   l o w e r   of   t h e   c e n t e r   o f  

t h e   m a g n e t i c   t a p e   1,  t h e r e   i s   p o s i t i o n e d   t h e   t i m e   c o d e  

t r a c k   TT,  and  t h e   d a t a   t r a c k s   TD4  to  TD7  a r e   l o c a t e d  

b e t w e e n   t h e   t r a c k   TT  and  t h e   a n a l o g   t r a c k   TA2-  



When  t h e   m a g n e t i c   t a p e   1  i s   1 /2   i n c h   w i d e ,  

a n a l o g   t r a c k s   TA1,  TA2  a r e   f o r m e d   on  t h e   u p p e r   a n d  

l o w e r   e d g e s   of   t h e   m a g n e t i c   t a p e ,   12  d a t a   t r a c k s   TD0 

to   T D l l   and  t h e   c o n t r o l   t r a c k   TC  a r e   f o r m e d   on  t h e  

u p p e r   h a l f   of   t h e   t a p e ,   w h i l e   12  d a t a   t r a c k s   TD12  t o  

TD23  and  t h e   t i m e   c o d e   t r a c k   TT  a r e   f o r m e d   on  t h e   l o w e r  

h a l f   of   t h e   t a p e .   F u r t h e r ,   when  t h e   m a g n e t i c   t a p e   i s  

1  i n c h   w i d e ,   a n a l o g   t r a c k s   TA1,  TA2  a r e   f o r m e d   on  t h e  

u p p e r   and  l o w e r   e d g e s   of   t h e   t a p e ,   r e s p e c t i v e l y ,   24  

d a t a   t r a c k s   TD0  to   TD23  and  t h e   c o n t r o l   t r a c k   TC  a r e  

f o r m e d   on  t h e   u p p e r   h a l f   of   t h e   t a p e ,   w h i l e   t i m e   c o d e  

t r a c k   TT  and  24  d a t a   t r a c k s   TD24  to   TD47  a r e   f o r m e d   o n  

t h e   l o w e r   h a l f   of   t h e   t a p e .  

As  a  m a t t e r   of   c o u r s e ,   i n t e r c h a n g e a b i l i t y   f o r  

d i f f e r e n t   w i d t h s   of   t h e   m a g n e t i c   t a p e   1  n e e d   n o t   b e  

t a k e n   i n t o   c o n s i d e r a t i o n .  

T h e  r e c o r d i n g   f o r m a t   f o r   a  1 /4   i n c h   t a p e   w i d t h  

i s   shown  as  an  e x a m p l e   in   T a b l e   1  b e l o w .  



The  a b o v e   t a p e   s p e e d   c o r r e s p o n d s   t o   t h e  

s a m p l i n g   f r e q u e n c y   f s   f o r   t h e   PCM  s i g n a l s   e q u a l   t o  

5 0 . 4   kHz .   The  s a m p l i n g   f r e q u e n c i e s   f s   of   4 4 . 1   o r  

3 2 . 0   kHz  a r e   a l s o   p o s s i b l e   f o r   t a p e   s p e e d s   d i f f e r e n t  

f r o m   t h e   a b o v e   v a l u e s .   The  PCM  s i g n a l   c o d e   f o r m a t i o n  

and  m o d u l a t i o n   t y p e   a r e   common  f o r   t h e   r e s p e c t i v e  

f o r m a t s .   The  T a b l e   2  b e l o w   shows   t h e   t y p i c a l   r e l a t i o n  

b e t w e e n   t h e   d a t a   t r a c k s  T D 0   to   TD7  and   t h e   a s s o c i a t e d  

c h a n n e l s   f o r   t h e s e   f o r m a t s .  

T h u s ,   one   c h a n n e l   i s   r e c o r d e d   as  o n e   d a t a   t r a c k  

and  two  d a t a   t r a c k s   A,  B  f o r   t h e   f o r m a t s   A  and   B,  r e -  

s p e c t i v e l y ,   w h e r e a s   one   c h a n n e l   i s   r e c o r d e d   as   f o u r  

t r a c k s   A,  B,  C  and   D,  f o r   t h e   f o r m a t   C .  



N e x t ,   t h e   r e l a t i o n   among  d a t a   t r a c k   TD,  

c o n t r o l   t r a c k   TC  and  t i m e   c o d e   t r a c k   TT  i s   e x p l a i n e d .  

When  t h e   f o r m a t   A  f o r   r e c o r d i n g   o n e - c h a n n e l  

s i g n a l s   in   one   t r a c k   i s   a p p l i e d   to   t h e   m a g n e t i c   t a p e  

1 /4   i n c h   w i d e ,   t h e   r e s p e c t i v e   a u d i o   PCM  s i g n a l s   f o r   t h e  

e i g h t  c h a n n e l s   CH1  to  CH8  a r e   r e c o r d e d   on  t h e   e i g h t   d a t a  

t r a c k s   TDO  to   TD7  shown  in   F i g .   1  i n   t h e   p r e d e t e r m i n e d  

c o d e d   f o r m .  

As  shown   in  F i g .   2A,  t h e   d a t a   t r a c k   TD  ( T D O  -  

TD7)  and  t h e   c o n t r o l   t r a c k   TC  a r e   so  p l a c e d   r e l a t i v e   t o  

e a c h   o t h e r   t h a t  t h e   e n d  p o i n t   o f   one   s e c t o r   of  t h e   d a t a  

t r a c k   i s   in   r e g i s t e r   w i t h   t h e   end  p o i n t   of   one  s e c t o r  

of  t h e   c o n t r o l   t r a c k .   4 - b l o c k   d a t a   a r e   p r e s e n t   in   o n e  

s e c t o r   of   d a t a   t r a c k   TD.  As  shown  i n   F i g .   2B,  o n e  

t r a n s m i s s i o n   b l o c k   ( r e f e r r e d   to   s i m p l y   as  b l o c k )   i s  

made  up  of   1 6 - w o r d   d a t a   w i t h   e a c h  w o r d   c o n s i s t i n g   o f  

16  b i t s ,   a  d a t a   s y n c   s i g n a l   ( i n d i c a t e d   by  h a t c h i n g )  

a d d e d   to   t h e   b e g i n n i n g   of  t h e   word   and  a  CRC  c o d e   a d d e d  

to  t h e   end  of   t h e   w o r d .   A  3 - b i t   b l o c k   a d d r e s s   s i g n a l  

i s   i n s e r t e d   i n   t h e   d a t a  s y n c  s i g n a l   d o m a i n ,   w i t h   t h e  

b l o c k   a d d r e s s   s i g n a l   and  t h e   d a t a   b e i n g   c h e c k e d   f o r  

e r r o r   by  CRC.  Each   s e c t o r   of   t h e   c o n t r o l   t r a c k   TC  i s  

c o m p o s e d   of   a  4 - b i t   c o n t r o l  w o r d   ( s h o w n   by  h a t c h i n g ) ,  

a  1 6 - b i t   c o n t r o l   w o r d ,   a  2 8 - b i t   s e c t o r   a d d r e s s   s i g n a l  

and  a  1 6 - b i t   CRC  c o d e .   The  c o n t r o l   word   i s   u s e d   f o r  



d i s c e r n i n g   t h e   r e c o r d i n g   f o r m a t   and  s a m p l i n g   f r e q u e n c y  

of   t h e   PCM  a u d i o   s i g n a l s   to   be  r e c o r d e d ,   w h i l e   t h e  

s e c t o r   a d d r e s s   i s   an  a b s o l u t e   a d d r e s s   i n c r e m e n t i n g   f r o m  

an  a d d r e s s   z e r o ,   w i t h   t h e   c o n t r o l   word   and  t h e   s e c t o r  

a d d r e s s   b e i n g   c h e c k e d   f o r   e r r o r   by  CRC.  A  m o d u l a t i o n  

s y s t e m   m a k i n g   p o s s i b l e   h i g h - d e n s i t y   r e c o r d i n g   s u c h   a s  

3  PM  t y p e   i s   u s e d   f o r   r e c o r d i n g   on  t h e   c o n t r o l   t r a c k   T C ,  

w h e r e a s   FM  t y p e   i s  u s e d   f o r   r e c o r d i n g   on  t h e   c o n t r o l  

t r a c k   TC.  The  l e a s t   s i g n i f i c a n t   b i t   So  of   t h e   s e c t o r  

a d d r e s s   s i g n a l   i s   made  to   be  in   r e g i s t e r   w i t h   t h e   m o s t  

s i g n i f i c a n t   b i t   o f   e a c h   b l o c k   a d d r e s s   s i g n a l   o f   t h e   f o u r  

b l o c k s   of   t h e   s e c t o r .   Thus   t h e   b l o c k   a d d r e s s   [B2  B1  B 0 ]  

i s   s e q u e n t i a l l y   c h a n g e d   i n   t h e   s e c t o r   in   t h e   o r d e r   o f  

[S0  0 0 ] ,   [S0  0 1 ] ,   [S0  10]  and   [S0  1 1 ] .  

As  shown   in  F i g .   3,  a  r e c o r d i n g   h e a d   HR,  a  

r e p r o d u c i n g   h e a d   HP  and  a  r e c o r d i n g   h e a d   HR'  a r e   a r r a n g e d  

in   t h i s   o r d e r   i n   t h e   p r o c e e d i n g   d i r e c t i o n   of   t h e   m a g n e t i c  

t a p e   1.  E a c h   o f   t h e s e   h e a d s   has   t e n - i n - l i n e   r e c o r d i n g  

or   r e p r o d u c i n g   m a g n e t i c   g a p s   a r r a n g e d   t r a n s v e r s e l y   o f  

t h e   m a g n e t i c   t a p e   1,  of   w h i c h   e i g h t   g a p s   a r e   a s s o c i a t e d  

w i t h   d a t a   t r a c k s   TD0  to   TD7,  and   t h e   r e m a i n i n g   two  g a p s  

a r e   a s s o c i a t e d   w i t h   t h e   c o n t r o l   t r a c k   TC  and  t i m e   c o d e  

t r a c k   TT.  The  f i r s t   r e c o r d i n g   on  t h e   m a g n e t i c   t a p e   1  

i s   by  t h e   r e c o r d i n g   h e a d   HR,  w h i l e   t h e  r e c o r d i n g   h e a d  

HR'  i s   u s e d   f o r   s y n c - r e c o r d i n g ,   c u t   i n / o u t ,   e t c .  



R e w r i t i n g   of   t h e   c o n t r o l   t r a c k   TC  once   f o r m e d   by  t h e  

r e c o r d i n g   h e a d   HR  is   n o t   a l l o w e d ,   w i t h   r e w r i t i n g   b e i n g  

made  o n l y   of  t h e   d a t a   t r a c k .  

F i g .   4  shows  t h e   c o n s t r u c t i o n   of   t h e   r e c o r d i n g  

s y s t e m   and   F i g .   5  t h e   c o n s t r u c t i o n   of   t h e   r e p r o d u c i n g  

s y s t e m .   A u d i o   PCM  s i g n a l s   f o r   c h a n n e l s   CH1  t o   CH8  a r e  

s u p p l i e d   f rom  i n p u t   t e r m i n a l s   2a  to   2h  to   e n c o d e r s   3 a  

to  3 h ,  r e s p e c t i v e l y .   Each   o f   t h e   e n c o d e r s   3a  to   3h  i s  

p r o v i d e d   w i t h   an  i n t e r l e a v e   c i r c u i t ,   p a r i t y   g e n e r a t o r ,  

CRC  a d d i t i o n   c i r c u i t   and  a  s y n c   s i g n a l   a d d i t i o n   c i r c u i t  

e t c .   and   f o r m s   a  c o d e  b l o c k   c o n s i s t i n g   of   a  6 - w o r d  P C M  

word   and   a  2 - w o r d   p a r i t y   w o r d .   A  t r a i n   of  d a t a   f r o m  

t h e   e n c o d e r s   3a  to   3h  a r e   s u p p l i e d   to   t h e   r e c o r d i n g  

h e a d s   HRO  to   HR7  t h r o u g h   m o d u l a t o r s   5a  to   5 h  a n d   r e c o r d -  

i n g   a m p l i f i e r s   6a  to   6h.  The  r e c o r d i n g   h e a d s   HR0  to   HR7 

a r e   a r r a n g e d   i n - l i n e   t r a n s v e r s e l y   of   t h e   m a g n e t i c   t a p e  

1 .  

The  a b o v e   d e s c r i b e d   s i g n a l s   a r e   r e c o r d e d   o n  

t h e   c o n t r o l   t r a c k   TC  by  t h e   r e c o r d i n g   c o n t r o l   h e a d   H R c .  

T h e  s i g n a l s   r e c o r d e d   on  t h e   c o n t r o l   t r a c k   TC  a r e  f o r m e d  

a t   t h e   c o n t r o l   e n c o d e r   8  f r o m   t h e   d i s c e r n i n g   s i g n a l s   a n d  

t i m i n g   s i g n a l s   s u p p l i e d   f r o m   t h e   t e r m i n a l   7,  and  a r e  

s u p p l i e d   to   t h e  r e c o r d i n g   c o n t r o l   h e a d   HRc  t h r o u g h  

m o d u l a t o r   9  and  r e c o r d i n g   a m p l i f i e r   1 0 .  

F a c i n g   r e s p e c t i v e l y   to   t h e   d a t a   t r a c k s   TD0 



to   TD7  and   t h e   c o n t r o l   t r a c k   TC  of   t h e   m a g n e t i c   t a p e   1 

a r e   a  s e r i e s   o f   r e p r o d u c i n g   h e a d s   HPO  to   HP7  and   a  

r e p r o d u c i n g   c o n t r o l   h e a d   HPc.  As  shown  in   F i g .   5 ,  

t h e   o u t p u t s   o f   t h e   r e p r o d u c i n g   h e a d s   HPO  to   HP7  and  HPc  

a r e   s u p p l i e d   v i a   r e p r o d u c i n g   a m p l i f i e r s   l l a   to   l l h   a n d  

12  to   c l o c k   e x t r a c t i n g   c i r c u i t s   13a  to   13h  and   14.  T h e  

e x t r a c t i n g   c i r c u i t s   13a  to   13h  and   14  a r e   a d a p t e d   f o r  

e x t r a c t i n g   b i t   c l o c k s   s y n c h r o n i z e d   w i t h   t h e   r e p r o d u c i n g  

s i g n a l s .   The  o u t p u t s   of   t h e   e x t r a c t i n g   c i r c u i t s   13a  t o  

13h  a r e   s u p p l i e d   v i a   d e m o d u l a t o r s   15a  t o   15h  f o r   d a t a  

s t r i n g s   o f   t h e   r e s p e c t i v e   c h a n n e l s   t o   t i m e   a x i s   c o m p e n -  

s a t i o n   c i r c u i t s   (TBC)  17a  to   1 7 h .   The  o u t p u t s   f rom  c l o c k  

e x t r a c t i n g   c i r c u i t   14  a r e   s u p p l i e d   t o   a  d e m o d u l a t o r   1 8  

w h e r e   r e p r o d u c i n g   c o n t r o l   s i g n a l s   a r e   o b t a i n e d   a n d  

s u p p l i e d   to   a  c o n t r o l   d e c o d e r   1 9 .  

The  d e m o d u l a t o r s   15a  t o   15h  a r e   a s s o c i a t e d  

w i t h   d a t a   s y n c   s i g n a l   s e p a r a t i n g   c i r c u i t s .  

C a p s t a n   s e r v o e i n g   s i g n a l s   a r e   g e n e r a t e d   b y  

t h e   c o n t r o l   d e c o d e r   19.   As  d e s c r i b e d   in   o u r   c o p e n d i n g  

p a t e n t   a p p l i c a t i o n   No.  8 2 - 5 0 3 0 7 ,   t h e   TBC  makes   u s e   o f  

t h e   b l o c k   a d d r e s s e s   r e c o r d e d   in   t h e   r e s p e c t i v e   d a t a  

t r a c k s   TD0  t o   TD7  f o r   d e t e r m i n i n g   t h e   w r i t e   a d d r e s s e s  

of   t h e   m e m o r i e s   a s s o c i a t e d   w i t h   T B C ' s   17a  t o   1 7 h .  

R e a d - o u t   f r o m   t h e   T B C ' s   17a  to   17h  i s   by  r e f e r e n c e  

c l o c k   p u l s e s ,   a n d   a  t r a i n   o f   d a t a   f r e e   f r o m   t i m e   a x i s  



f l u c t u a t i o n s   a r e   s u p p l i e d   to  t h e   o u t p u t s   of   t h e   T B C ' s  

17a  to  17h .   The  t r a i n   of  o u t p u t   d a t a   f r o m   t h e s e   T B C ' s  

17a  to   17h  a r e   s u p p l i e d   to   t h e   d e c o d e r s   20a  to   2 0 h .  

Each  of   t h e   d e c o d e r s   20a  to   20h  i s   p r o v i d e d   w i t h   a  C R C  

c h e c k e r ,   a  d e i n t e r l e a v e   c i r c u i t ,   an  e r r o r   c o r r e c t i o n  

c i r c u i t   and   an  e r r o r   c o m p e n s a t i o n   c i r c u i t .   R e p r o d u c e d  

a u d i o   PCM  s i g n a l s   a r e   s u p p l i e d   to   o u t p u t   t e r m i n a l s   2 l a  

to   2 1 h .  

The  r e c o r d i n g   s y s t e m   has   a  s e r i e s   of   e n c o d e r s  

3a  to   3h  c o n s t r u c t e d   in   t h e   s i m i l a r   m a n n e r ,   as  shown  b y  

way  of  an  e x a m p l e   in   F i g .   6.  A  t r a i n   of   o n e - c h a n n e l  

PCM  d a t a   c o m p o s e d   of   s u c c e s s i v e   w o r d s   Wi  a r e   s u p p l i e d  

f rom  t e r m i n a l   22  to   an  e v e n - o d d   d i s t r i b u t o r   23  w h e r e  

t h e y   a r e   d i v i d e d   i n t o   12  d a t a   g r o u p s ,   t h a t   i s ,   d a t a  

g r o u p s   W ( l ) ,   W ( 3 ) ,   W(5 ) ,   W(7) ,   W(9)  and  W(11)  e a c h  

c o n s i s t i n g   of   odd  n u m b e r e d   w o r d s   and  d a t a   g r o u p s   W ( 2 ) ,  

W(4 ) ,   W ( 6 ) ,   W ( 8 ) ,   W(10)  and  W(12)  e a c h   c o n s i s t i n g   o f  

even   n u m b e r e d   w o r d s .   The  d a t a   g r o u p s   c o n s i s t i n g  o f   o d d  

n u m b e r e d   w o r d s   and  t h e   d a t a   g r o u p s   c o n s i s t i n g  o f   t h e  

even   n u m b e r e d   w o r d s   a r e   s u b j e c t e d   to   e r r o r   c o r r e c t i o n  

and  e n c o d i n g   o p e r a t i o n s   i n d e p e n d e n t l y   o f   one  a n o t h e r .  

T h e s e   d a t a   g r o u p s   a r e   c o m p o s e d   of   t h e   f o l l o w i n g   w o r d s .  



The  s i x   w o r d s   t a k e n   f r o m   d a t a   g r o u p s   W ( l )  -  

W ( l l )   c o n s i s t i n g   of   odd  n u m b e r e d   w o r d s   a r e   s u p p l i e d   t o  

a  (mod.   2)  a d d e r   f o r   f o r m i n g   f i r s t   p a r i t y   d a t a   g r o u p s  

P (1) .   F o r   e x a m p l e ,   (P1  =  W1  ⊕   W3  ⊕   W5  ⊕   W7  ⊕  

W9  ⊕   W 1 1 ) .   T h e s e   d a t a   g r o u p s   a r e   s u p p l i e d   to   a n  

i n t e r l e a v e r   24A.  The  i n t e r l e a v e r   24A  has   d e l a y   c i r c u i t s  

a d a p t e d   f o r   p r o v i d i n g   d e l a y s   e q u a l   to   0,  d,  2d,   3d,   5 d ,  

6d  and   7d,   w h e r e   d  i s   a  u n i t   d e l a y   q u a n t i t y   ( b l o c k ) .  

A  d e l a y   q u a n t i t y   e q u a l   to   3d  i s   a d d e d   to   t h e   p a r i t y   d a t a  

g r o u p s   P  ( 1 ) .   The  r e s p e c t i v e   w o r d s   t a k e n   f r o m   t h e   r e -  

s p e c t i v e   d a t a   g r o u p s   a p p e a r i n g   a t   t h e   o u t p u t   o f   t h e  

i n t e r l e a v e r   24A  a r e   s u p p l i e d   t o   t h e   (mod.  2)  a d d e r  

w h e r e   t h e   s e c o n d   p a r i t y   d a t a   g r o u p s   Q( l )   a r e   f o r m e d .  

T h e s e   s i x   d a t a  g r o u p s  W ( l )   t o  W ( 1 1 )   and  p a r i t y   d a t a  

g r o u p s   P ( l ) ' ,   Q ( l )   a r e   s u p p l i e d   to   an  i n t e r l e a v e r   2 5 A .  

The  i n t e r l e a v e r   25A  has   d e l a y   c i r c u i t s   f o r   p r o v i d i n g  

d e l a y s   e q u a l   t o   0,  ( D - d ) ,   2  ( D - d ) ,   7  (D-d) ,   w h i l e   d e l a y s  

e q u a l   to   3 ( D - d )   and  4 ( D - d )   a r e   a l l o t t e d   to   t h e   p a r i t y  

d a t a   g r o u p s   P  ( 1 ) ' ,   Q ( l ) .   The  e i g h t   d a t a   g r o u p s   W ( l )  -  

W "  ( 1 1 )  p r o d u c e d   in   t h e   i n t e r l e a v e   c i r c u i t   25A  a r e  



s u p p l i e d   to   a  s y n t h e s i z e r   2 6 .  

The  a b o v e   d e s c r i b e d   i n t e r l e a v e   c i r c u i t   c o n s i s t s  

of   two  t a n d e m   c o n n e c t e d   i n t e r l e a v e r s   24A,  25A.  D e l a y  

q u a n t i t i e s   O,  D,  2D,  - - - ,   7D  a r e   a l l o t t e d   to   t h e   r e s p e c -  

t i v e   d a t a   g r o u p s   and  p a r i t y   d a t a   a r e   f o r m e d   f r o m   w o r d s  

t a k e n   f r o m   t h e   r e s p e c t i v e   d a t a   g r o u p s   a p p e a r i n g   a t   t h e  

d i v i d i n g   p o i n t s   ( c r o s s   i n t e r l e a v i n g ) .   The  u n i t   d e l a y  

q u a n t i t i e s   d,  D  a r e   c h o s e n   so  t h a t   t h e   l e a s t   c o m m o n  

m u l t i p l e   of   d  and  (D-d)  e x c e e d s   7D  so  t h a t   p l u r a l   w o r d s  

c o n t a i n e d   in   a  code   b l o c k   o f   t h e   f i r s t   p a r i t y   d a t a   a n d  

p l u r a l   w o r d s   c o n t a i n e d   i n  a   code   b l o c k   of   t h e   s e c o n d  

p a r i t y   d a t a   h a v e   a  maximum  of   one  word   in   common  w i t h  

e a c h   o t h e r .   For   e x a m p l e ,   d  =  2  and  D  =  1 7 .  

The  PCM  d a t a   g r o u p s   W ( 2 )  -   W(12)  c o m p o s e d  o f  

e v e n - n u m b e r e d   w o r d s   f rom  t h e   e v e n - o d d   d i s t r i b u t o r   23  a r e  

s u b j e c t e d   to   an  e r r o r   c o r r e c t i o n   c o d i n g   t h r o u g h   u s i n g  

t h e   c r o s s  i n t e r l e a v i n g   as  d e s c r i b e d   a b o v e   and   by  m e a n s  

o f   t h e   t a n d e m   c o n n e c t e d   i n t e r l e a v e r s   24B,  25B  and   t h e  

(mod.  2)  a d d e r .   The  c o d e d   d a t a   g r o u p s   a r e   s u p p l i e d   t o  

a  d e l a y   c i r c u i t   27  c a u s i n g   a  d e l a y   e q u a l   to   K  ( b l o c k s )  

and  t h e   d a t a   g r o u p s   W ( 2 )  -   W"(12)   a p p e a r i n g   a t   t h e  

o u t p u t s   a r e   s u p p l i e d   to   t h e   s y n t h e s i z e r   26.   T h e  

p u r p o s e   of   a f f o r d i n g   a  u n i f o r m   d e l a y   o f   K  t o   t h e   d a t a  

g r o u p s   c o n s i s t i n g   of  t h e   e v e n - n u m b e r e d   w o r d s   i s   t o  

p e r f o r m   an  e r r o r   c o r r e c t i o n   or  c o m p e n s a t i o n   e v e n   i n  



i n s t a n c e s   w h e r e   e r r o r s   o c c u r   f r e q u e n t l y   a t   t h e   e d i t i n g  

p o i n t s   in   t h e   c a s e   o f   s p l i c e   e d i t i n g   as   d e s c r i b e d   i n  

o u r   c o p e n d i n g   J a p a n e s e   P r o v i s i o n a l   P a t e n t   P u b l i c a t i o n  

No.  8 1 - 5 4 1 4 0 .  

The  c o d e d   d a t a   g r o u p s   d e s c r i b e d   a b o v e   a r e  

s u p p l i e d   to   t h e   s y n t h e s i z e r   26  w h e r e   t h e   1 2 - w o r d   PCM 

d a t a   t a k e n   f r o m   t h e   r e s p e c t i v e   g r o u p s   and   4 - w o r d   p a r i t y  

d a t a   a r e   a r r a n g e d   i n t o   a  o n e - b l o c k   d a t a   t o   w h i c h   t h e  

CRC  c o d e   i s   a d d e d   a t   t h e   CRC  g e n e r a t o r   28  and   t h e  

r e s u l t i n g   s i g n a l   i s   t a k e n   f rom  an  o u t p u t   t e r m i n a l   2 9 .  

A  s y n c   a d d i t i o n   c i r c u i t ,   n o t  s h o w n ,   i s   p r o v i d e d   t o  t h e  

o u t p u t   t e r m i n a l   29  f o r   f o r m i n g   t h e   s i g n a l   b l o c k   as  s h o w n  

in   F i g .   7 .  

In   t h e   a b o v e   d e s c r i b e d   e m b o d i m e n t  o f   t h e  

i n v e n t i o n ,   t h e   d a t a   g r o u p s   c o n s i s t i n g   of   t h e   o d d -  

n u m b e r e d   PCM  w o r d s   and   t h e   d a t a   g r o u p s   c o n s i s t i n g   o f  

t h e   e v e n - n u m b e r e d   PCM  w o r d s   u n d e r g o   s e p a r a t e   c o d i n g   s o  

t h a t   t h e   i n t e r l e a v i n g   m a n n e r   o f ,   f o r   e x a m p l e ,   t h e   o d d -  

n u m b e r e d   d a t a   g r o u p s   a r e   as  shown  in   F i g .   8.  As  i n t e r -  

l e a v e d   o u t p u t ,   when   t h e   t i m i n g   a t   w h i c h   t h e   d a t a   [W1, 

W3",  W5",  P 1 " ,   Q 1 ' ,   W7",  W9"  and   W11"  a p p e a r   i s   u s e d   a s  

r e f e r e n c e ,   t h e   c o d e   b l o c k s   i n c l u d i n g   PCM  w o r d   Wl  a r e  

f o r m e d   by  p l u r a l   w o r d s   i n d i c a t e d   by  ma rk   O  and   p l u r a l  

w o r d s   i n d i c a t e d   by  m a r k s   X.  Thus   t h e   c o d e   b l o c k   w h i c h  

g i v e s   t h e   p a r i t y   w o r d   P1  i s   [W1,  W3,  W5,  P1 ,   W7,  W9] 



w h e r e a s   t h e   c o d e   b l o c k   w h i c h   g i v e s   t h e   p a r i t y   word   Q1 

i s   [W1,  W 3 ' ,   W5 ' ,   P 1 ' ,   Q1,  W7 ' ,   Wg ' ,   W 1 1 ' ] .   When  r e c o r d -  

ed  on  t h e   m a g n e t i c   t a p e ,   t h e   w o r d s   of   t h e s e   c o d e   b l o c k s  

a r e   d i s t r i b u t e d   a t   i n t e r v a l s   of  (D  =  17  b l o c k s )   a n d  

(D-D =   15  b l o c k s ) .   In  s u c h   c r o s s - i n t e r l e a v i n g ,   t h e  

l e n g t h   of   t h e   c o d e   s e r i e s   i s   (7D  =  119  b l o c k s ) .  

The  d e c o d e r s   20a  to   20h  in   t h e   r e p r o d u c i n g  

s y s t e m  a r e  c o n s t r u c t e d   in   t h e   s i m i l a r   m a n n e r   as  s h o w n  

by  way  of   an  e x a m p l e   in   F i g .   9.  A  t r a i n   of  d a t a   to   b e  

r e p r o d u c e d   ( r e p r o d u c i n g   d a t a )   a r e   s u p p l i e d   f r o m   t e r m i n a l  

30  to   a  d i s t r i b u t i n g   c i r c u i t   31.  The  t r a i n   of   d a t a   a r e  

a l r e a d y   e r r o r   c h e c k e d   p e r   e a c h   t r a n s m i s s i o n   b l o c k   a t   t h e  

p r e c e d i n g   s t a g e   by  CRC  c h e c k e r   and  1 - b i t   e r r o r   f l a g s  

r e p r e s e n t a t i v e   of   t h e   c h e c k   r e s u l t s   a r e   s e p a r a t e l y   a d d e d  

to  t h e   r e s p e c t i v e   w o r d s .   T h e s e   d a t a   a r e   d i s t r i b u t e d   b y  

t h e   c i r c u i t   31  i n t o   a  s e t   c o n s i s t i n g   of   s i x   PCM  d a t a  

g r o u p s   W ( l )  -   W" (11)  and  two  p a r i t y   d a t a   g r o u p s   P " ( 1 ) ,  

Q ' ( 1 )   and  a n o t h e r   s e t   c o n s i s t i n g   of   t h e   r e m a i n i n g   s i x  

PCM  d a t a   g r o u p s   W ( 2 )  -   W"(12)   and  two  p a r i t y   d a t a   g r o u p s  

P "  ( 2 ) ,  Q '  ( 2 ) ,   t h e s e   s e t s  b e i n g   e r r o r - c o r r e c t e d  i n d e p e n d -  

e n t l y   of   e a c h   o t h e r .   F i r s t   of   a l l ,   t h e   o d d - n u m b e r e d  

w o r d s   and  t h e   a s s o c i a t e d   d a t a   g r o u p s   a r e   s u p p l i e d   t o  

a  d e l a y   c i r c u i t   3 2  w h e r e   t h e y   a r e   d e l a y e d   by  K  b l o c k s  

u n i f o r m l y ,   a f t e r   w h i c h   t h e y   a r e   s u p p l i e d   to   d e i n t e r -  

l e a v e r   33A.  The  d e i n t e r l e a v e r   33A  a f f o r d s   to   t h e  



r e s p e c t i v e   d a t a   g r o u p s   d e l a y   q u a n t i t i e s   e q u a l   t o   7 ( D - d ) ,  

6 ( D - d ) ,   5 ( D - d )   - - - -   0  f o r   c a n c e l l i n g   t h e   d e l a y s   i n t r o d u c e d  

by  t h e   i n t e r l e a v e r   25A.  The  o u t p u t   d a t a   g r o u p s   s u p p l i e d  

f r o m   d e i n t e r l e a v e r   33A  a r e   s u p p l i e d   to   a  Q  d e c o d e r   34A 

w h e r e   e r r o r   c o r r e c t i o n   i s   p e r f o r m e d   by  u s i n g   s e c o n d  

p a r i t y   d a t a   g r o u p   Q ( l ) .   The  d a t a   g r o u p s   e x c e p t   Q ( l )  

a r e   s u p p l i e d   to   d e i n t e r l e a v e r   35A.  The  d e i n t e r l e a v e r  

35A  i s   so  a r r a n g e d   a s  t o   a f f o r d   d e l a y  q u a n t i t i e s   e q u a l  

to   7d ,   6d ,   - - -   0  to   t h e   d a t a   g r o u p s   f o r   c a n c e l l i n g   t h e  

d e l a y   i n t r o d u c e d   by  t h e   i n t e r l e a v e r   24A  of   t h e   r e c o r d i n g  

s y s t e m .   T h e   o u t p u t   f r o m   t h e   d e i n t e r l e a v e r   i s   s u p p l i e d  

f o r   e r r o r   c o r r e c t i o n   t o   t h e   P  d e c o d e r   36A.  By  t h e   e r r o r  

c o r r e c t i o n   p e r f o r m e d   a t   t h e   Q  d e c o d e r   34A  and   P  d e c o d e r  

36A,  an  e r r o r   f l a g   c o n c e r n i n g   t h e   c o r r e c t e d   word   i s  

c l e a r e d   and   r e p l a c e d   by  one   i n d i c a t i n g   t h e   a b s e n c e   o f  

e r r o r .   At  t h e   o u t p u t s   o f   t h e   P  d e c o d e r   36A,  t h e r e   a p p e a r  

PCM  d a t a   g r o u p s   W ( l )  -   W (11)  c o n s i s t i n g   of   e v e n - n u m b e r e d  

w o r d s .  

C o n c e r n i n g   PCM  d a t a   g r o u p s   c o n s i s t i n g   o f   e v e n -  

n u m b e r e d   w o r d s   and  t h e   a s s o c i a t e d   p a r i t y   d a t a   g r o u p s  

W ( 2 )  -   W ( 1 2 ) ,   t h e r e   a r e   p r o v i d e d   a  d e i n t e r l e a v e r   3 3 B ,  

a  Q - d e c o d e r   34B,  a  d e i n t e r l e a v e r   35B  and   a  P - d e c o d e r   36B  

so  t h a t   e r r o r - c o r r e c t e d   PCM  d a t a   g r o u p s   a p p e a r   a t   t h e  

o u t p u t   o f   t h e   P - d e c o d e r   36B.  The  PCM  d a t a   g r o u p s   W ( l )  -  

W(12)  a p p e a r i n g   a t   P - d e c o d e r s   36A,  36B  a r e   s u p p l i e d   t o  



an  e v e n - o d d   s y n t h e s i z e r   38,  t h e   o u t p u t   of  w h i c h   i s  

s u p p l i e d  t o   a  c o m p e n s a t i n g   c i r c u i t   37  w h e r e  t h e   u n -  

c o r r e c t e d   e r r o r  w o r d s  a r e   i n t e r p o l a t e d   w i t h   t h e   a v e r a g e  

v a l u e   of   t h e   n e i g h b o r i n g   c o r r e c t   w o r d s .   The  o u t p u t   o f  

t h e   c o m p e n s a t i n g   c i r c u i t   37  i s   o b t a i n e d   a t   o u t p u t  

t e r m i n a l   39  as  PCM  a u d i o   s i g n a l .  T h e r e   a r e   p r o v i d e d  

Q  d e c o d e r s   34A,  34B  and  P  d e c o d e r s   36A,  36B  f o r   p e r f o r m -  

i n g   e r r o r   c o r r e c t i o n s  t w i c e   f o r   e l e v a t i n g   an  e r r o r  

c o r r e c t i n g   c a p a b i l i t y .  

In   t h e   c a s e   of  a  B  f o r m a t   in   w h i c h   o n e - c h a n n e l  

s i g n a l s   a r e   d i s t r i b u t e d  i n   two  t r a c k s   f o r   r e c o r d i n g   a n d  

a  C  f o r m a t   in   w h i c h   o n e - c h a n n e l   s i g n a l s   a r e   d i s t r i b u t e d  

in  f o u r   t r a c k s   f o r   r e c o r d i n g ,   t h e   a f o r e m e n t i o n e d   J a p a n e s e  

P r o v i s i o n a l   P u b l i c a t i o n   No.  5 7 - 2 7 4 1 0   d i s c l o s e s   an  a r t   i n  

w h i c h   o n e - c h a n n e l   s i g n a l s   a r e   e n c o d e d   by  an  e n c o d e r   a n d  

t h e n   d i s t r i b u t e d   by  d e m u l t i p l e x e r   in   two  or   f o u r   t r a c k s  

p e r   b l o c k .  

S i n c e   t h e   e r r o r   c o r r e c t i o n   i s   p e r f o r m e d   a c r o s s  

p l u r a l   t r a c k s ,   s h o u l d   a  p r o l o n g e d   d r o p o u t   be  c a u s e d   b y ,  

f o r  i n s t a n c e ,  a   s c r a t c h  o r   t h e   l i k e   f l o w   in  t h e   t a p e ,  

t h e   d a t a   f o r   one  t r a c k   a r e   d e s t r u c t e d .   S h o u l d   s h o r t  

d r o p o u t   o c c u r   in   a n o t h e r   t r a c k ,   e r r o r   c o r r e c t i n g   c o m p e n -  

s a t i o n  m a y   b e c o m e   o c c a s i o n a l l y   i m p o s s i b l e ,   t h u s   m a k i n g  

i t   t e m p o r a r i l y   i m p o s s i b l e   to   o b t a i n   r e p r o d u c e d   a u d i o  

s i g n a l s .  



An  e m b o d i m e n t   of   t h e   i n v e n t i o n   by  w h i c h   t h e  

d i s a d v a n t a g e   may  be  o v e r c o m e   i s   now  d e s c r i b e d .  

F i g .   10  shows   t h e   c o n s t r u c t i o n   f o r   t h e  

r e c o r d i n g   s y s t e m   f o r   t h e   f o r m a t   B  shown  in   T a b l e   1 .  

F i g .   11  s h o w s   t h e   c o n s t r u c t i o n   o f   t h e   r e p r o d u c i n g  

s y s t e m .  

R e f e r r i n g   to   F i g .   10 ,   a u d i o   PCM  s i g n a l s   f o r  

C H 1  -   CH4  a r e   s u p p l i e d   f r o m   t h e   i n p u t   t e r m i n a l s   2a  t o  

2d  to   m a t r i x   c i r c u i t s   41a  t o   41d  o p e r a t i n g   as  s w i t c h i n g  

and  d i s t r i b u t i n g   m e a n s .   T h e s e   m a t r i x   c i r c u i t s   4 1 a  -  

41d  p e r f o r m   a  k i n d   of   m a t r i x   t r a n s f o r m a t i o n   so  t h a t   t h e  

r e s p e c t i v e   w o r d s   of   t h e   PCM  s i g n a l s   a r e   d i s t r i b u t e d   i n  

two  t r a c k s   A,  B  p e r   c h a n n e l   i n   a c c o r d a n c e   w i t h   p r e -  

d e t e r m i n e d   m a t r i x   p a t t e r n .   An  e x a m p l e   o f   t h e   w o r d  

s e q u e n c e   f o r   t h e   r e s p e c t i v e   PCM  s i g n a l s   d i s t r i b u t e d   b y  

t h e   m a t r i x   c i r c u i t s   i n t o   t r a c k s   A,  B  i s   shown  in   T a b l e   3 

b e l o w ,   f o r   t h e   a s s u m e d   word   s e q u e n c e   W1,  W2,  W3,  W4  - - - .  

In  t h e   e x a m p l e   o f   t h e   a b o v e   T a b l e ,   t h e   t w o  

c o n s e c u t i v e   w o r d s   of   t h e   i n p u t   PCM  s i g n a l   a r e   d i s t r i b u t e d  

to  one   t r a c k   so  t h a t   t h e   a l t e r n a t e   odd  and   e v e n   r e l a t i o n  



of  t h e   o r i g i n a l   i n p u t   PCM  s i g n a l   i s   m a i n t a i n e d   a f t e r  

d i s t r i b u t i o n .   T h i s   i s   in   c o n s i d e r a t i o n   o f   t h e   f a c t  

t h a t   t h e   d a t a   g r o u p s   c o n s i s t i n g   of  o d d - n u m b e r e d   w o r d s  

a r e   s e p a r a t e d   f r o m   t h e   d a t a   g r o u p s   c o n s i s t i n g   of   e v e n -  

n u m b e r e d   w o r d s - a t   t h e   t i m e   of   i n t e r l e a v i n g  a t   t h e  

e n c o d e r ,   t h e s e   s e p a r a t e   d a t a   s e r i e s   u n d e r g o i n g   s e p a r a t e  

e r r o r   c o r r e c t i n g   c o d i n g   o p e r a t i o n s .  

T h e  f o l l o w i n g   T a b l e   4  shows   a n o t h e r   e x a m p l e  

of   t h e   d i s t r i b u t i n g   m e t h o d   c a p a b l e   of   m a i n t a i n i n g   t h e  

e v e n - o d d   s e q u e n c e   o f   t h e   i n p u t   PCM  s i g n a l s .  

The  2 - t r a c k   PCM  s i g n a l s   f rom  t h e   m a t r i x  

c i r c u i t s   4 1 a  -   41d  a r e   s u p p l i e d   to  e i g h t   e n c o d e r s   3 a  -  

3h  a s s o c i a t e d   r e s p e c t i v e l y   w i t h   t h e   e i g h t   d a t a   t r a c k s  

TDO -   TD7  in  a c c o r d a n c e   w i t h   t h e   B - f o r m a t   a l l o t m e n t  

shown  in   T a b l e   2.  Thus   t h e   t r a c k - A   PCM  s i g n a l s   of   t h e  

r e s p e c t i v e   m a t r i x   c i r c u i t s   4 l a  -   4 l d   a r e   s u p p l i e d  

r e s p e c t i v e l y   to  t h e   e n c o d e r s   3 a  -   3d,  w h i l e   t h e   t r a c k - B  

PCM  s i g n a l s   of  t h e   m a t r i x   c i r c u i t s   4 1 a  -   41d  a r e  s u p p l i e d  

r e s p e c t i v e l y   to  t h e   e n c o d e r s   3e  to   3 h .  

T h e s e   e n c o d e r s   3 a  -   3h  o p e r a t e   in   t h e   s a m e  



m a n n e r   as  t h e   e n c o d e r s   3 a  -   3h  of   F i g .   4  and   a r e  

s i m i l a r l y   c o n s t r u c t e d ,   as  shown  by  way  of   an  e x a m p l e  

in   F i g .   6.  In  t h i s   c a s e ,   t h e   word   n u m b e r s   o f   t h e   PCM 

s i g n a l s   s u p p l i e d   to   t h e   e n c o d e r s   3 a  -   3h  s h o w n   in  F i g .  

10  a r e   r e g a r d e d   as  b e i n g   i n d e p e n d e n t   of   t h e   w o r d   n u m b e r s  

of   t h e   PCM  s i g n a l s   o f   t h e   o r i g i n a l   c h a n n e l s .   F o r  

e x a m p l e ,   when  t h e   w o r d s   Wl,  W2,  W51  W6,  - - -   a r e   s u p p l i e d  

s e q u e n t i a l l y   and  s u c c e s s i v e l y   as  a  r e s u l t   o f   d i s t r i b u -  

t i o n   o f   t h e   T a b l e   3,  t h e   e n c o d e r s   w i l l   p e r f o r m   t h e   a b o v e  

d e s c r i b e d   i n t e r l e a v i n g   and   e r r o r   c o r r e c t i n g   c o d i n g  

o p e r a t i o n s   by  r e g a r d i n g   t h e m   as  t h e   f i r s t ,   s e c o n d ,  

t h i r d ,   f o u r t h   w o r d s   e t c .   The  e n c o d i n g   o p e r a t i o n   i s  

e f f e c t e d   in   t h e   r e s p e c t i v e   e n c o d e r s   3a  to   3h  in   t h e  

m a n n e r   as   d e s c r i b e d   in   c o n n e c t i o n   w i t h   F i g s .   6  to   8 .  

The  d a t a   g r o u p s   f r o m   t h e   e n c o d e r s   3 a  -   3h  a r e  

s u p p l i e d   v i a   m o d u l a t o r s   5 a  -   5h  and   r e c o r d i n g   a m p l i f i e r s  

6 a  -   6h  t o   r e c o r d i n g   h e a d s   HRO -   HR7,  r e s p e c t i v e l y .  

The  s i g n a l s   r e c o r d e d   in   t h e   c o n t r o l   t r a c k   TC 

a r e   f o r m e d   a t   c o n t r o l   e n c o d e r   8  on  t h e   b a s i s   o f   t h e  

d i s c e r n i n g   and  t i m i n g   s i g n a l s   f rom  t e r m i n a l   7,  and   a r e  

s u p p l i e d   v i a   m o d u l a t o r   9  and   r e c o r d i n g   a m p l i f i e r   10  t o  

a  r e c o r d i n g   c o n t r o l   h e a d   H R c .  

In   t h e   r e p r o d u c i n g   s y s t e m   shown  i n   F i g .   1 1 ,  

t h e   o u t p u t s   f rom  t h e   r e p r o d u c i n g   h e a d s   HPO -   HP7  a n d  

HPc  a r e   s u p p l i e d   v i a   r e p r o d u c i n g   a m p l i f i e r s   l l a  -   l l h  



and  12  to  c l o c k   e x t r a c t i n g   c i r c u i t s   1 3 a  -   13h  and  1 4 .  

The  o u t p u t s   f r o m   c l o c k   e x t r a c t i n g   c i r c u i t s   1 3 a  -   1 3 h  

a r e   s u p p l i e d   v i a   d e m o d u l a t o r s   1 5 a  -   15h  to   TBC ' s   1 7 a  

-  17h  ( t i m e   a x i s   c o m p e n s a t i n g   c i r c u i t s ) .   The  o u t p u t  

f r o m   t h e   c l o c k   e x t r a c t i n g   c i r c u i t   14  i s   s u p p l i e d   to  a  

d e m o d u l a t o r   18  w h e r e   a  r e p r o d u c i n g   c o n t r o l   s i g n a l   i s  

g e n e r a t e d   and  s u p p l i e d   to   a  c o n t r o l   d e c o d e r   19.  T h e  

o u t p u t   d a t a   g r o u p s   f r o m   T B C ' s   1 7 a  -   17b  a r e   s u p p l i e d  

to   d e c o d e r s   2 0 a  -   20h .   T h e s e   TBC's   1 7 a  -   17h  a n d  

d e c o d e r s   2 0 a  -   20h  o p e r a t e   in   t h e   same  m a n n e r   as  d e -  

s c r i b e d   in   c o n n e c t i o n   w i t h   F i g s .   5  and  9 .  

The  PCM  s i g n a l s   f r o m   t h e   d e c o d e r s   2 0 a  -   2 0 h  

a p p e a r   i n   t h e   same  m a n n e r   as  t h e   s i g n a l s   s u p p l i e d   f r o m  

t h e   a b o v e   d e s c r i b e d   r e c o r d i n g   m a t r i x   c i r c u i t s   4 1 a  -   4 1 d  

to   t h e   e n c o d e r s   3 a  -   3h  and   c o n s t i t u t e   f o u r - c h a n n e l   PCM 

s i g n a l s   w i t h   two  of   e i g h t   t r a c k   s i g n a l s   c o r r e s p o n d i n g  

to   one  c h a n n e l .   I n v e r s e   m a t r i x   c i r c u i t s   4 2 a  -   42d  a r e  

p r o v i d e d   f o r   p e r f o r m i n g   t h e   i n v e r s e   o p e r a t i o n   of  t h e  

m a t r i x   c i r c u i t s   4 1 a  -   41d  i n   o r d e r   to   s y n t h e s i z e   t w o  

of   e i g h t   t r a c k   s i g n a l s   f r o m   t h e   d e c o d e r s   2 0 a  -   2 0 h  f o r  

c o n v e r t i n g   them  i n t o   f o u r - c h a n n e l   PCM  s i g n a l s .   T h e s e  

i n v e r s e   m a t r i x   c i r c u i t s   4 2 a  -   42d  a r e   of   s u b s t a n t i a l l y  

s i m i l a r   c o n s t r u c t i o n   and  o p e r a t e   in   s u c h   a  m a n n e r   t h a t  

t h e   i n p u t   s i g n a l   w o r d s   o f   t h e   two  t r a c k s   A,  B  a r e   t a k e n  

o u t   in   t h e   o r d e r   of  Wi,  W2,  W3,  W4,  - - -   as  shown  i n  



T a b l e   3  f o r   f o r m i n g   o n e - c h a n n e l   PCM  s i g n a l s .   T h e  

r e l a t i o n   b e t w e e n   t h e   e i g h t   d e c o d e r s   2 0 a  -   20h  and  t h e  

f o u r   i n v e r s e   m a t r i x   c i r c u i t s   4 2 a  -   42d  i s   t h e   same  a s  

t h a t   b e t w e e n   t h e   e i g h t   d a t a   t r a c k s   TDO -  TD7  of   t h e  

f o r m a t   B  of   T a b l e   2  and  t h e   f o u r   c h a n n e l s   C H 1  -   C H 4 .  

The  o u t p u t s   f r o m   t h e   i n v e r s e   m a t r i x   c i r c u i t s  

4 2 a  -   42d  a r e   s u p p l i e d   to   c o d i n g   e r r o r   c o r r e c t i o n / c o m -  

p e n s a t i o n   c i r c u i t s   4 3 a  -  4 3 d   f o r   i n t e r p o l a t i n g   t h e  

i n t e r v a l   d e s t i t u t e   of   s i g n a l s   so  as  to   make  up  t h e  

o p e r a t i o n   of  t h e   d e c o d e r s   2 0 a  -   20h.   T h i s   r e n d e r s   i t  

p o s s i b l e   to   make  an  i n t e r p o l a t i o n   on  t h e   b a s i s   o f   t h e  

r e p r o d u c i n g   s i g n a l s   of   t h e   o t h e r   t r a c k   e v e n   when  t h e  

r e p r o d u c i n g   s i g n a l s   of   one   t r a c k   a r e   a b s e n t   f o r   p r o -  

l o n g e d   t i m e .   The  r e p r o d u c i n g   a u d i o   s i g n a l s   o f   t h e  

r e s p e c t i v e   a u d i o   PCM  s i g n a l s   a r e   t a k e n   a t   o u t p u t  

t e r m i n a l s   2 1 a  -   2 1 d .  

T h e  a b o v e   i s   an  e x a m p l e   of   t h e   r e c o r d i n g   a n d  

r e p r o d u c i n g   s y s t e m   of   t h e   PCM  s i g n a l s   in   a c c o r d a n c e   w i t h  

t h e   f o r m a t   B  of  t h e   T a b l e s   1  a n d   2.  The  r e c o r d i n g   a n d  

r e p r o d u c i n g   s y s t e m   of   t h e   f o r m a t   C  i s   now  e x p l a i n e d   b y  

r e f e r r i n g   to   F i g s .   12  and   1 3 .  

F i g .   12  shows   an  e x a m p l e   of   t h e   c o n s t r u c t i o n  

of   t h e   PCM  s i g n a l   r e c o r d i n g   s y s t e m  o f   t h e   a f o r e m e n t i o n e d  

f o r m a t   C.  The  PCM  a u d i o   s i g n a l s   f o r   t h e   c h a n n e l s   C H 1 ,  

CH2  a r e   s u p p l i e d   f rom  i n p u t   t e r m i n a l s   2a ,   2b  to   m a t r i x  



c i r c u i t s   44a ,   44b  o p e r a t i n g   as  s w i t c h i n g   d i s t r i b u t i n g  

m e a n s .   The  m a t r i x   c i r c u i t s   44a ,   44b  a r e   c o n s t r u c t e d  

in   t h e   s i m i l a r   m a n n e r   and  o p e r a b l e   f o r   d i s t r i b u t i n g   1 6  

w o r d s   of  t h e   i n p u t   PCM  s i g n a l   to  f o u r   t r a c k s   A,  B,  C 

and  D  in  a c c o r d a n c e   w i t h   a  4x4  m a t r i x   p a t t e r n .   T a b l e   5 

b e l o w   shows  t h e   s i g n a l   word   s e q u e n c e   o f   t h e   t r a c k s   A,  B ,  

C  and  D  d i s t r i b u t e d   by  t h e   m a t r i x   c i r c u i t s   f o r   t h e  

a s s u m e d   word   s e q u e n c e   W1,  W2,  W3,  W4  - - -   of   t h e   i n p u t  

PCM  s i g n a l s .  

In  t h e   d i s t r i b u t i n g   m e t h o d   of   T a b l e   5,  t h e  

o d d - e v e n   a l t e r n a t i n g   r e l a t i o n   of  t h e   i n p u t   PCM  s i g n a l s  

i s   m a i n t a i n e d   in   t h e   o u t p u t   s i g n a l s   of   t h e   r e s p e c t i v e  

t r a c k s   A,  B,  C  and  D,  in   s u c h   a  m a n n e r   t h a t   t h e   i n t e r -  

l e a v i n g   o p e r a t i o n   e t c .   in   t h e   s u c c e e d i n g   e n c o d e r   s t a g e  

w h i c h   c o n s i d e r s   t h e   odd  or  even   n u m b e r   of   t h e   w o r d s  

may  be  p e r f o r m e d   e f f e c t i v e l y .  

I t   s h o u l d   be  n o t e d   t h a t   o t h e r   4x4  m a t r i x  



p a t t e r n s   o t h e r   t h a n   t h a t   shown  in   T a b l e   5  a b o v e   may  b e  

d e v i s e d   so  t h a t   t h e   d i s t r i b u t i n g   m e t h o d   s a t i s f y i n g   t h e  

a l t e r n a t i n g   r e l a t i o n   b e t w e e n   t h e   odd  and  even   w o r d  

n u m b e r s   may  be  d e t e r m i n e d .  

The  2 - c h a n n e l   8 - t r a c k   o u t p u t s   C H 1 - A  -   C H 2 - D  

f rom  t h e s e   m a t r i x   c i r c u i t s   44a ,   44b  a r e   u l t i m a t e l y  

r e c o r d e d   i n   t h e   d a t a   t r a c k s   TDO -   TD7  in   a c c o r d a n c e  

w i t h   t h e   a l l o t m e n t   f o r   t h e   f o r m a t   C  shown  in  T a b l e   2 .  

Thus   t h e   e i g h t   e n c o d e r s   3 a  -   3h  a r e   a s s o c i a t e d   w i t h  

e i g h t   d a t a   t r a c k s   TDO -   TD7  and   t h e   o u t p u t s   of   t h e  

t r a c k s   A,  B,  C  and  D  of   t h e   f i r s t   c h a n n e l   CHl  f r o m   t h e  

m a t r i x   c i r c u i t   44a  a r e   s u p p l i e d   r e s p e c t i v e l y   to   e n c o d e r s  

3a,   3e ,   3c ,   3g,   w h i l e   t h e   o u t p u t s   o f   t h e   t r a c k s   A,  B,  C 

and  D  of   t h e   s e c o n d   c h a n n e l   CH2  f r o m   m a t r i x   c i r c u i t   4 4 b  

a r e   s u p p l i e d   r e s p e c t i v e l y   to   e n c o d e r s   3b,  3 f ,   3d,   3 h .  

T h e s e   e n c o d e r s   3 a  -   3h  may  be  c o n s t r u c t e d   and  o p e r a t e d  

in   t h e   same  m a n n e r   as  t h e   e n c o d e r s   shown  in  F i g s .   4  a n d  

6  to   8  so  t h a t   t h e   a b o v e   d e s c r i b e d   e n c o d i n g   o p e r a t i o n  

i s   p e r f o r m e d   in   t h e   word  s e q u e n c e   of   t h e   i n p u t   s i g n a l  

( and   t h u s   i n d e p e n d e n t l y   of   t h e   w o r d   s e q u e n c e   o f   t h e  

o r i g i n a l   c h a n n e l ) .   The  o u t p u t s   f r o m   t h e   e n c o d e r s   3 a  -  

3h  a r e   s u p p l i e d   v i a   m o d u l a t o r s   5 a  -   5h  and  r e c o r d i n g  

a m p l i f i e r s   6 a  -   6h  to  t h e   r e c o r d i n g   h e a d s   HRO -  HR7  f o r  

r e c o r d i n g   and   f o r m i n g   t h e   a f o r e m e n t i o n e d   d a t a   t r a c k s  

TDO -   TD7.  The  c o n t r o l   s i g n a l   r e c o r d i n g   s y s t e m  i s  



s i m i l a r   to   t h a t   shown  in  F i g .   4  or   F i g .   10  so  t h a t   t h e  

c o r r e s p o n d i n g   d e s c r i p t i o n   i s   o m i t t e d .  

F i g .   13  shows  an  e x a m p l e   of  t h e   c o n s t r u c t i o n  

of   t h e   r e p r o d u c i n g   s y s t e m   by  means   of   w h i c h   t h e   d a t a  

t r a c k s   TDO -   TD7  r e c o r d e d   in   a c c o r d a n c e   w i t h   t h e   f o r m a t  

C  a r e   s u b j e c t e d   to   a  r e p r o d u c i n g   o p e r a t i o n   f o r   p r o d u c i n g  

t h e   o r i g i n a l   PCM  s i g n a l s   of   t h e  t w o   c h a n n e l s   CH1,  C H 2 .  

R e f e r r i n g   to  F i g .   13 ,   t h e   r e p r o d u c i n g   o u t p u t s  

f r o m   t h e   r e p r o d u c i n g   h e a d s   HPO -   HP7  f a c i n g   to   t h e   d a t a  

t r a c k s   TDO -   TD7  a r e   s u p p l i e d   v i a   r e p r o d u c i n g   a m p l i f i e r s  

l l a  -   l l h   to   t h e   c l o c k   e x t r a c t i n g   c i r c u i t s   1 3 a  -   1 3 h .  

The  o u t p u t s   f r o m   t h e   e x t r a c t i n g   c i r c u i t s   1 3 a  -   13h  a r e  

s u p p l i e d   v i a   d e m o d u l a t o r s   1 5 a  -   15h  to   TBC's   ( t i m e   a x i s  

c o m p e n s a t i n g   c i r c u i t s )   1 7 a  -   17b .   The  o u t p u t s   f r o m  

TBC' s   1 7 a  -   17h  a r e   s u p p l i e d   to   d e c o d e r s   2 0 a  -   2 0 h  

p e r f o r m i n g   t h e  r e v e r s e   of   t h e   o p e r a t i o n   of  t h e   a f o r e -  

m e n t i o n e d   e n c o d e r s .   The  o u t p u t s   f rom  d e c o d e r s   2 0 a  -   2 0 h  

a r e   t h e   same  as  t h e   s i g n a l s   s u p p l i e d   to   t h e   e n c o d e r s  

3 a  -   3h  f r o m   t h e   m a t r i x   c i r c u i t s   44a ,   44b  of   t h e   r e c o r d -  

i n g   s y s t e m   shown  in  F i g .   12.  Fo r   e x a m p l e ,   t h e   o u t p u t s  

f rom  t h e   d e c o d e r s   20a ,   20e ,   2 0 c ,   20g  a r e   in   t h e  

s e q u e n c e   of  t h e   words   of  t h e   t r a c k s   A,  B,  C,  D  s h o w n  

in   T a b l e   5  and  a r e   s u p p l i e d   to   an  i n v e r s e   m a t r i x   c i r c u i t  

45a  p e r f o r m i n g   t h e  r e v e r s e   of   t h e   o p e r a t i o n   of   t h e  

m a t r i x   c i r c u i t   44a .   In  a d d i t i o n ,   t h e   o u t p u t s   f rom  t h e  



d e c o d e r s   20b ,   2 0 f ,   20d ,   20h  a r e   s u p p l i e d   to   an  i n v e r s e  

m a t r i x   c i r c u i t   49b  as  s i g n a l s   of   t h e   r e s p e c t i v e   t r a c k s  

A,  B,  C  and  D  f o r   t h e   s e c o n d   c h a n n e l   CH2.  By  means   o f  

t h e s e   i n v e r s e   m a t r i x   c i r c u i t s   44a ,   44b ,   t h e   s i g n a l  

w o r d s   o f   t h e   r e s p e c t i v e   t r a c k s   A,  B,  C  and   D  of   t h e  

c h a n n e l s   CH1,  CH2  a r e   t a k e n   in   t h e   word   s e q u e n c e   W1, 

W2,  W3,  W4,  - - -   s h o w n   in   T a b l e   5  so  as  t o   be  u s e d   a s  

PCM  s i g n a l s   of   t h e   r e s p e c t i v e   c h a n n e l s .   The  o u t p u t s  

f r o m   t h e   i n v e r s e   m a t r i x   c i r c u i t s   44a ,   45b  a r e   s u p p l i e d  

r e s p e c t i v e l y   to   c o d i n g   e r r o r   c o r r e c t i o n / c o m p e n s a t i o n  

c i r c u i t s   46a ,   46b  w h e r e   t h e   t r a c k   i n t e r v a l   d e s t i t u t e  

of   s i g n a l s   i s   r e c o v e r e d   by  i n t e r p o l a t i o n   so  as  to  m a k e  

up  t h e   o p e r a t i o n s   o f   t h e   d e c o d e r s   2 0 a  -   20h .   T h u s ,  

r e p r o d u c i n g   a u d i o   PCM  s i g n a l s   f o r   t h e   c h a n n e l s   CH1,  CH2 

a p p e a r   r e s p e c t i v e l y   a t   o u t p u t   t e r m i n a l s   2 1 a ,   21b .   T h e  

c o n t r o l   s i g n a l   r e p r o d u c i n g   s y s t e m   may  be  c o n s t r u c t e d  

as  shown  in   F i g s .   5  or   11  so  t h a t   c o r r e s p o n d i n g  

d e s c r i p t i o n   i s   o m i t t e d .  

In  t h e   a b o v e   d e s c r i b e d   e m b o d i m e n t s   o f   t h e  

p r e s e n t   i n v e n t i o n ,   t h e r e   i s   no  n e c e s s i t y   f o r   p r o v i d i n g  

s e p a r a t e   c i r c u i t s   f o r   t h e   e i g h t   e n c o d e r s   3 a  -   3h  o r  

t h e   e i g h t   d e c o d e r s   2 0 a  -   20h  c o r r e s p o n d i n g   t o   t h e   e i g h t  

t r a c k s ,   b u t   a  h i g h - s p e e d   o p e r a t i n g   or   p r o c e s s i n g   c i r c u i t  

m a y b e   u s e d   i n   a  t i m e - s h a r i n g   c o n f i g u r a t i o n   so  t h a t   t h e  

c i r c u i t   o p e r a t e s   as  e q u i v a l e n t   f o r   e i g h t   e n c o d e r s   o r  



e i g h t   d e c o d e r s .  

F u r t h e r m o r e ,   i t   may  be  so  a r r a n g e d   t h a t   t h e  

f o r m a t s   A,  B,  C  t h a t   a r e   t h e   a f o r e m e n t i o n e d   t h r e e   k i n d s  

of  t h e   r e c o r d i n g   f o r m a t   may  be  d i s c e r n e d   a u t o m a t i c a l l y  

so  t h a t ,   f o r   e x a m p l e ,   t h e   r e c o r d i n g   m a t r i x   c i r c u i t s  

may  be  o p e r a t e d   s e l e c t i v e l y   as  a  f u n c t i o n   o f   t h e   s e l e c t e d  

r e c o r d i n g   f o r m a t   so  t h a t   a  p r e d e t e r m i n e d   one   o f   d i s -  

c r i m i n a t i n g   b i t s   C l l  -   Cg  may  be  s e t   in   t h e   c o n t r o l   w o r d  

as  a  f u n c t i o n   o f   t h e   k i n d   of   t h e   s e l e c t e d   r e c o r d i n g  

f o r m a t .   I t   may  a l s o   be  so  a r r a n g e d   t h a t ,   d u r i n g   r e p r o -  

d u c t i o n ,   t h e   r e c o r d i n g   f o r m a t   may  be  d i s c e r n e d   f r o m   t h e  

d i s c r i m i n a t i n g   b i t   f o r   a u t o m a t i c a l l y   s e l e c t i n g   t h e  

r e p r o d u c i n g   i n v e r s e   m a t r i x   c i r c u i t   so  t h a t   r e p r o d u c t i o n  

may  be  made  in  any  of   t h e   a f o r e m e n t i o n e d   t h r e e   k i n d s   o f  

t h e   r e c o r d i n g   f o r m a t .  

From  t h e   f o r e g o i n g   i t   i s   s e e n   t h a t ,   in   t h e  

PCM  s i g n a l   r e c o r d i n g   m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n ,  

t h e   r e s p e c t i v e   w o r d s   of  t h e   PCM  s i g n a l   of  one  c h a n n e l  

a r e   d i s t r i b u t e d   to   t h e   r e s p e c t i v e   t r a c k s   in   a c c o r d a n c e  

w i t h   a  p r e d e t e r m i n e d   d i s t r i b u t i o n   f o r m a t ,   a f t e r   w h i c h  

t h e   s i g n a l s   a r e   e n c o d e d   by  s e p a r a t e   e n c o d e r s   f o r   t h e  

r e s p e c t i v e   t r a c k s ,   so  t h a t   e r r o r   c o r r e c t i o n   e t c .   m a y  

be  p e r f o r m e d   by  t h e   d e c o d i n g   o p e r a t i o n   on  e a c h   t r a c k ,  

w h i l e   d a t a   i n t e r p o l a t i o n   may  be  e f f e c t i v e l y   u t i l i z e d  

in  t h e   e v e n t   t h a t   a  g i v e n  r e c o r d i n g   t r a c k   s h o u l d   f a i l  



t o   p e r f o r m   d a t a   r e p r o d u c t i o n   f o r   p r o l o n g e d   t i m e .   I n  

a d d i t i o n ,   t h e   a l l o w a b l e   l i m i t   f o r   e r r o r   o c c u r r e n c e   o r  

t h e   e r r o r   c o r r e c t i o n   c a p a b i l i t y   may  be  e n l a r g e d   i n  

c o m p a r i s o n   w i t h   t h e   c a s e   of   u s i n g   an  e n c o d e r   o r   a  

d e c o d e r   p e r   e a c h   c h a n n e l ,   t h u s   m a k i n g   i t   p o s s i b l e   t o  

p e r f o r m   PCM  s i g n a l   r e c o r d i n g   and  r e p r o d u c t i o n   of   h i g h e r  

q u a l i t y .  

I n d u s t r i a l   A p p l i c a b i l i t y  

As  d i s c u s s e d   a b o v e ,   t h e   PCM  s i g n a l   r e c o r d i n g  

m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n   may  be  a d v a n t a g e o u s l y  

a p p l i e d   to   t h e   f i x e d   h e a d   t y p e   PCM  r e c o r d i n g   a n d  

r e p r o d u c i n g   a p p a r a t u s   and  makes   i t   p o s s i b l e   to   p r o v i d e  

a  PCM  r e c o r d i n g   and   r e p r o d u c i n g   a p p a r a t u s   c a p a b l e   o f  

s u c c e s s f u l l y   d e a l i n g   w i t h   p r o l o n g e d   d r o p o u t   e s p e c i a l l y  

due   to   t a p e   f l o w s .  



1.  A  m e t h o d   f o r   PCM  s i g n a l   r e c o r d i n g   w h e r e i n   e a c h  

c h a n n e l   of  a  s i n g l e - c h a n n e l   or   m u l t i c h a n n e l   PCM  s i g n a l s  

i s   s u b j e c t e d   to   d i s t r i b u t i o n   to   a  p l u r a l i t y   of   r e c o r d i n g  

t r a c k s ,   c h a r a c t e r i z e d   i n   t h a t   t h e   r e s p e c t i v e   w o r d s   o f  

o n e - c h a n n e l   PCM  s i g n a l s   a r e   c o r r e s p o n d i n g l y   d i s t r i b u t e d  

to   s a i d   r e c o r d i n g   t r a c k s   by  s w i t c h i n g   d i s t r i b u t i n g  

m e a n s   in   a c c o r d a n c e   w i t h   a  p r e d e t e r m i n e d   m a t r i x   p a t t e r n ,  

and  in   t h a t   t h e   PCM  s i g n a l s   c o m p o s e d   of   t h e   d i s t r i b u t e d  

w o r d s   and  c o r r e s p o n d i n g   to   t h e   r e s p e c t i v e   t r a c k s   a r e  

s u p p l i e d   to   a  p l u r a l i t y   of   r e c o r d i n g   h e a d s   v i a   s e p a r a t e  

e n c o d e r s   a d a p t e d   to   c o r r e c t   f o r   c o d i n g   e r r o r   so  t h a t  

r e c o r d i n g   i s   made  in   s u c h   a  m a n n e r   t h a t   a  p l u r a l i t y   o f  

r e c o r d i n g   t r a c k s   a r e   f o r m e d   on  a  r e c o r d i n g   m e d i u m .  

2.  The  m e t h o d   f o r   PCM  s i g n a l   r e c o r d i n g   as  c l a i m e d  

in   c l a i m   1  c h a r a c t e r i z e d   in   t h a t   t h e   e n c o d e r   d i v i d e s  

t h e   i n p u t   w o r d s   i n t o   an  o d d - n u m b e r   word  g r o u p s   and  a n  

e v e n - n u m b e r   word   g r o u p s ,   s h i f t s   t h e   t h u s   d i v i d e d   o d d -  

n u m b e r   and  e v e n - n u m b e r   w o r d s   by  a  p r e d e t e r m i n e d   p e r i o d  

of   t i m e ,   s u b j e c t s   t h e   o d d - n u m b e r   w o r d s   and  t h e   e v e n -  

n u m b e r   w o r d s   to  code   e r r o r   c o r r e c t i n g   c o d i n g   i n d e -  

p e n d e n t l y   of  e a c h   o t h e r ,   and   o u t p u t s   a  c o m b i n a t i o n  o f  

t h e   t h u s   d i v i d e d   and  c o d e d   odd  and  even   n u m b e r   w o r d s .  

3.  The  m e t h o d   f o r   PCM  s i g n a l   r e c o r d i n g   as  c l a i m e d  

in   c l a i m   1  c h a r a c t e r i z e d   in   t h a t   s a i d   d i s t r i b u t i n g   m e a n s  



d i s t r i b u t e   a  s e q u e n c e   of   p r e d e t e r m i n e d   w o r d s   of   t h e  

i n p u t   PCM  s i g n a l s   and   a  n e x t   s e q u e n c e   of   p r e d e t e r m i n e d  

w o r d s   so  as  to   be  s e q u e n t i a l l y   r e c o r d e d   i n   one   r e c o r d -  

i n g   t r a c k   and   in   a n o t h e r   r e c o r d i n g   t r a c k .  

4.  The  m e t h o d   f o r   PCM  s i g n a l   r e c o r d i n g   as  c l a i m e d  

in   c l a i m   1  c h a r a c t e r i z e d   in   t h a t   s a i d   s w i t c h i n g   d i s -  

t r i b u t i n g   m e a n s   d i s t r i b u t e   a  word   s e q u e n c e   of   t h e   i n p u t  

PCM  s i g n a l   so  as  to   be  s e q u e n t i a l l y   r e c o r d e d   a c r o s s   a  

r e c o r d i n g   t r a c k   and   a n o t h e r   r e c o r d i n g   t r a c k .  

5.  The  m e t h o d   f o r   PCM  s i g n a l   r e c o r d i n g   as  c l a i m e d  

in   c l a i m   1  c h a r a c t e r i z e d   in   t h a t   s a i d   s w i t c h i n g   d i s -  

t r i b u t i n g   means   s e q u e n t i a l l y   d i s t r i b u t e   a  s e q u e n c e   o f  

a  p r e d e t e r m i n e d   n u m b e r   of   w o r d s   of  t h e   i n p u t   PCM  s i g n a l s  

so  t h a t   t h e s e   w o r d s   a r e   s e q u e n t i a l l y   d i s t r i b u t e d   in   t h e  

r e s p e c t i v e   r e c o r d i n g   t r a c k s   and  t h e   o r d e r   o f   w o r d s  

r e c o r d e d   in   one   r e c o r d i n g   t r a c k   i s   m o d i f i e d .  

6.  The  m e t h o d   f o r   PCM  s i g n a l   r e c o r d i n g   as  c l a i m e d  

in   c l a i m   1  c h a r a c t e r i z e d   in   t h a t   s a i d   s w i t c h i n g   d i s -  

t r i b u t i n g   means   c o m p r i z e   a  m a t r i x   c i r c u i t   f o r   m a t r i x  

c o n v e r s i o n   of   t h e   i n p u t  w o r d   s e r i e s  i n   a c c o r d a n c e   w i t h  

a  p r e d e t e r m i n e d   m a t r i x   p a t t e r n   f o r   o u t p u t t i n g   a  p l u r a l i t y  

of   o u t p u t   word   g r o u p s .  
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